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Abstract
We consider ve dimensional theories compactied on the orbifold S1/Z2 and prove
that spontaneous local supersymmetry breaking by Wilson lines and by the Scherk-
Schwarz mechanism are equivalent. Wilson breaking is triggered by the SU(2)R
symmetry which is gauged in o-shell N = 2 supergravity by auxiliary elds. The
super-Higgs mechanism disposes of the would-be Goldstinos which are absorbed by
the gravitinos to become massive. The breaking survives in the flat limit, where we
decouple all gravitational interactions, and the theory becomes softly broken global
supersymmetry.
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Supersymmetry and extra dimensions seem to be essential ingredients in any theory
that aims to solve the hierarchy problem, makes gravity compatible with quantum me-
chanics and unies gravity with the rest of known particle physics interactions: string
theory. Moreover, the possibility of lowering the string (Ms) and compactication (1=R)
scales [1,2] to values accessible for present and future accelerators (i.e. the TeV range) has
triggered an enormous interest in elds theories with large extra dimensions where grav-
ity [3] and/or matter [4] propagate. In particular, in theories with compactication scales
in the TeV range where matter propagates the eect of Kaluza-Klein (KK) excitations
can be detected by direct [5] or indirect [6] production at present colliders providing an
unambiguous signature of extra dimensions [7]. On the other hand these theories present
the exciting feature that some observables are insensitive to the ultraviolet (UV) cuto
Ms [4, 8, 9], and thus they are nite and can be considered as predictions of the theory:
this happens in particular with the Higgs mass in supersymmetric higher dimensional
models, a fact that has opened a strong debate on the subject [10].
The origin of electroweak and supersymmetry breaking is possibly one of the more
poorly known aspects of gauge theories. In theories with compactied extra dimensions
one can break gauge symmetry or supersymmetry by imposing dierent boundary con-
ditions on dierent elds (Scherk-Schwarz (SS) mechanism [11, 12]). In particular the
SS breaking of a gauge symmetry [13] can be seen, if all elds have periodic boundary
conditions, as a spontaneous breaking induced by the vacuum expectation value (VEV)
of the extra dimensional component of a gauge eld, which plays the role of a Higgs boson
in four dimensional theories (Wilson line or Hosotani mechanism [14]). In this case, if the
electroweak Higgs is associated with a Wilson line the niteness of the Higgs mass can
follow, even in non supersymmetric string or eld models [15].
On the other hand, the SS-mechanism has been used to break supersymmetry by
imposing non-trivial boundary conditions on elds transforming non-trivially under a
global symmetry of the theory [4, 8]. Recently SS-supersymmetry breaking based on
the N = 2 SU(2)R global symmetry has been interpreted as coming from the VEV of
the auxiliary component eld of the radion supereld, and thus being interpreted as
spontaneous breaking of supersymmetry, in a ve dimensional (5D) theory compactied
on an orbifold [16{18].
In this letter we consider 5D theories compactied on the orbifold S1=Z2 and prove that
local supersymmetry spontaneously broken by Wilson lines is equivalent to SS supersym-
metry breaking. In fact the SU(2)R symmetry is gauged in o-shell N = 2 supergravity
and 5D SU(2)R gauge bosons are auxiliary elds in the minimal supergravity multiplet.
When the corresponding Wilson lines acquire a VEV, supersymmetry is spontaneously
broken and one recovers the SS-mechanism where dierent boundary conditions are im-
posed to non-trivial representations of SU(2)R. The would-be Goldstinos are absorbed
by the corresponding gravitinos in the unitary gauge (super-Higgs mechanism [19]) and
disappear from the physical spectrum of elds. In summary, local N = 2 supersymmetry
is spontaneously broken by Wilson lines. The breaking survives in the flat limit, where we
decouple all gravitational interactions, and the theory becomes softly broken global su-
persymmetry. No new counterterms are created by the spontaneous breaking of the gauge
(and super) symmetry, which explains the niteness of the Higgs mass under radiative
corrections.
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In theories with extra dimensions compactied on a torus or an orbifold, a symmetry
can be broken by two mechanisms which are not present in simply connected spaces:
the Scherk-Schwarz and the Hosotani (Wilson line) mechanisms. In the Scherk-Schwarz
mechanism [11,12], elds possess non-trivial boundary conditions and are multiple-valued
along the extra dimension. Let us assume that a global or local symmetry with generator
Q is used to twist some of the elds under 2R-translations:
(xµ; x5 + 2R) = e2piiωQ(xµ; x5) : (1)
This periodicity condition is satised if the elds are given by
(xµ; x5) = eiωQx
5/R ~(xµ; x5) ; (2)
where ~(xµ; x5 +2R) = ~(xµ; x5). The symmetry generated by Q is then broken at tree
level by the kinetic term.
If the symmetry with Q-generator is a local one it is possible to break it by giving
a VEV to an extra component of the corresponding gauge eld AM (M = ; 5) [14]
(Hosotani or Wilson line mechanism). All elds are periodic in this picture and gauge
transformations which preserve this periodicity (the ones with periodic parameters) divide
the Wilson lines into equivalence classes which represent the possible vacua of the theory.
We can easily label these vacua by the constant conguration of each equivalence class.
We will assume from now on a constant hA5i. All non-singlet elds will receive a mass-
shift relative to their KK-value through their covariant derivative. For instance, for a flat




1G + hA5i; (3)
with 1G the identity in the fundamental representation of the gauge group G (for non-
constant VEVs the mass matrix will not be block-diagonal). It is possible to switch
to the Scherk-Schwarz picture by allowing for gauge transformations with non-periodic






to transform away the VEV we end up with non-periodic elds as in Eq. (1), with !Q 
R hA5i.
To achieve supersymmetry-breaking one usually applies the SS-mechanism to the au-
tomorphism group SU(2)R of the N = 2 supersymmetry in ve dimensions. It would be
desirable to have the Hosotani picture in this case as well. The softness of the SS-breaking
(i.e. no additional counterterms except the ones allowed by unbroken supersymmetry)
could then easily be explained by the fact that Hosotani breaking is spontaneous. Steps
in this direction have been recently taken [17, 18] by giving a VEV to the F -term of the
radion eld: when coupling the radion supereld to matter charged under SU(2)R the
SS spectrum is reproduced. However the nal proof that such a breaking is related to
the Hosotani mechanism, and therefore equivalent to SS, requires the introduction of the
gravitational sector.
3
eld description states even odd
gMN graviton (15− 5)B gµν , g55 gµ5
 M gravitino (40− 8)F  1µL,  25L  2µL,  15L
BM graviphoton (5− 1)B B5 Bµ
~VM SU(2)R gauge eld (15− 3)B V 3µ , V 1,25 V 1,2µ , V 35
vAB antisymmetric tensor 10B v
α5 vαβ
~t SU(2)R triplet 3B t
1,2 t3
C real scalar 1B C





Table 1: The eld content of the minimal supergravity multiplet in ve dimensions which
has 40B + 40F components.
To this end we will consider the recently found o-shell version of 5D N = 2 super-
gravity [20, 21]. The complete o-shell particle content together with the orbifold-parity
assignments are displayed in table 1. All elds but gMN ;  M and AM are auxiliary only.
The fermions are of the symplectic Majorana type and carry an SU(2)R index. They can







where we use the convention 12 = +1. Frequently we will suppress the SU(2)R index. The
standard procedure to construct the theory is covariantizing the globally supersymmetric
transformation rules with respect to local Lorentz and local SU(2)R transformations and
then supercovariantizing with respect to local supersymmetric transformations. After the
total covariantization the supersymmetric transformations include covariant derivatives
of component elds and of the supersymmetric parameter i(xM), as well as additional
terms of O() and higher to close the algebra 1. The complete expression for these
transformations have been given in Ref. [20]. It will be particularly relevant for our
purposes the transformation of the gravitino  M which contains the covariant derivative




DM  + : : : (6)
Here DM is the covariant derivative with respect to local Lorentz and local SU(2)R trans-
formations
DM = DM + i~VM~ ; (7)
while DM is the covariant derivative with respect to local Lorentz transformations. Notice
that the local supersymmetric transformations, e.g. in Eq. (6), are consistent with the
orbifold action if we dene 1L(x
M) as an even function and 2L(x
M) as an odd one. Together
1We denote by κ the ve dimensional gravitational coupling which has mass dimension −3/2.
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with the parities of the covariant derivatives, i.e. Dµ even and D5 odd, this gives equal
parities on both sides of Eq. (6).
Moreover it has been emphasized that the minimal multiplet is too small to construct
a physical action out of it [20]. It has to be extended by a matter multiplet with 8B + 8F
components to complete the 48B + 48F components that a supergravity multiplet must
have. One possibility is adding the non-linear multiplet with eld content: iα, a scalar
where the index  transforms as a doublet of a global SU(2); ’ a singlet scalar; VM , a
singlet vector, and; i, an SU(2)R doublet fermion. The supersymmetric transformations
for the non-linear multiplet components were given in Ref. [20] where it is shown that
closure of the algebra on ’ and VM requires a supersymmetric constraint between the
components of the minimal and non-linear multiplets which removes the extra bosonic
component, with respect to the fermionic ones, which appears in the non-linear multiplet.
After doing that the kinetic Lagrangian for SU(2)R doublets, i.e. the 5D gravitino  
i
M in
the minimal supergravity multiplet, gauginos i in 5D vector multiplets and scalars Ai in
hypermultiplets can be written as
L kin = − i
2
 Mγ
MNPDM P + Tr
(
iγMDM
− Tr jDMAj2 ; (8)
where the covariant derivatives are given in (7). Full actions for pure supergravity and
supergravity coupled to N = 2 matter multiplets can be found in Refs. [20, 21].
To perform a Wilson line breaking we have to consider supergravity since local SU(2)R
requires local supersymmetry. However we will see that at the end one can consistently
decouple all gravity interactions by taking the limit  ! 0 while retaining the eect of
supersymmetry breaking. In the minimal realization of 5D N = 2 supergravity described
above the SU(2)R symmetry becomes local but it is gauged only o-shell, i.e. the corre-
sponding gauge elds ~VM are auxiliary elds. Upon orbifolding some of the gauge bosons
are even, V 3µ , and the others, V
1,2
µ , odd and so happens with the corresponding gauge
transformations,
U = exp(i ~~) ; (9)
where 3 is even and 1,2 odd. This guarantees that the Z2 parity dening the orbifold
in table 1 is stable under gauge transformations. In this environment one can use the
triplet of scalars ~V5 to break SU(2)R by Wilson lines. As presented in table 1, the fth
components of the gauge bosons ~V5 should have opposite parities: V
3
5 is odd and V
1,2
5 are
even. These assignments are also consistent with the requirement that the supercovariant
derivatives (7), which include local SU(2)R transformations have a well dened parity.
Notice that the parity operator acting on SU(2)R doublets is proportional to 
3, which
anticommutes with  1,2. As a consequence  1,2 in (7) make, when acting on doublets, a
parity flip required for consistency of supercovariant derivatives. In particular, there is
contribution from the even scalars V 1,25 to the odd derivative D5 in (7).
Now we would like to turn a (constant) VEV on ~V5 in order to get nontrivial Wilson
lines. Observe that by ve dimensional gauge invariance there is no potential for ~V5 which
is thus a flat direction. Our choice for the parity of the elds allows constant VEVs only
for V 15 and V
2










The factor 1=R in (10) guarantees that the VEV disappears in the R ! 1 limit, where
the compact dimension becomes innite, since the corresponding Wilson breaking should
disappear in the limit of \non-compact" (innite) extra dimension. The factor  is intro-
duced just for dimensional reasons but plays an important role since it is responsible for
this eect to remain in the global limit  ! 0. The dimensionless factor ! is identied
with the SS-parameter.
The Goldstino is found from the local supersymmetric transformations and it is pro-






Let us analyze the corresponding super-Higgs eect [19]. The kinetic terms for the grav-




MNRDN R = − i
2
 µγ







µνγ5Dν 5 − i
2
 5γ
µνγ5Dµ ν : (12)
We now do the redenition
 µ =  
0
µ +Dµ (D5)−1  5 ; (13)
which can be seen as a local supersymmetry-transformation with parameter (D5)−1 5

















 2 + :::

 0ν : (14)
The second term provides the mass term for  0µ, which can be expressed in two component

















Here p5  i @5 is the component of the momentum along the extra dimension and takes
the values n=R, n 2 Z, for a flat extra dimension. We can see that the flat direction hV 25 i
breaks supersymmetry as in the no-scale models [22] where the gravitino zero mode mass
is m3/2 = !=R.
Writing the kinetic terms for the gauginos and the hyperscalars explicitly we get





 2 + :::

 ;





 2 + : : :
2
A ; (16)
while the corresponding superpartners are inert under SU(2)R. The second terms provide





















 p25 + (!=R)2 i 2! p5=R






Mass matrices for (15), (17) and (18) give rise to the mass eigenvalues !=Rp5, identical
to those obtained in SS-broken theories [4, 8].
We conclude that supersymmetry breaking is mediated already at tree level from the
gravity to the matter/gauge sector through the local SU(2)R couplings. In complete
analogy to the case of an ordinary gauge symmetry, the equivalence to SS breaking can
be seen by transforming away the VEV of V 25 using a multivalued gauge transformation.
Finally the softness of the SS-mechanism is explained by the fact that Hosotani breaking
is spontaneous. Only counterterms which are allowed by the underlying supersymmetry
can appear in the Lagrangian and so the usual non-renormalization theorems apply. This
conrms recent results found in explicit one and two loop calculations [9].
It is easy to see looking at Eq. (16) that we still have supersymmetry breaking in the
global limit ! 0, m3/2 xed. Taking this limit we decouple all gravity degrees of freedom
and are left with N = 1 global supersymmetry which is broken down to N = 0 whenever
we have nonzero !. One can also see some connection of the Hosotani/SS-mechanism with
the radion mediation of Refs. [17,18]: By looking at the linearized (global) transformations
one nds that the radion multiplet 2
(









transforms separately under global supersymmetry. The auxiliary eld of the radion
contains explicitly V 15 + iV
2
5 , so the F -term of this supereld will get a VEV as well
inducing spontaneous breaking of supersymmetry. On the other hand the radion VEV
remains undetermined at this level by the no-scale nature of the SS-breaking.
We summarize the supersymmetry breaking scheme in the following diagram. We
denote by (N = 0)local, global the breakdown of the corresponding (N 6= 0)local, global.
(N = 2)local
orbifold−−−−−! (N = 1)local (brane)(N = 2)local (bulk)






(N = 1)global (brane)
(N = 1)global (mode by mode)
SS−−−−−−−−! (N = 0)global SS-theories
Starting from a genuine 5D N = 2 locally supersymmetric theory we compactify on
the orbifold S1=Z2 thus creating two branes with local N = 1 supersymmetry. In the bulk
we retain N = 2 local supersymmetry with a Z2 constraint on the parameter , i.e. 
1
L is
even and 2L odd. Giving a VEV to V
2
5 breaks both supersymmetries spontaneously, the
corresponding Goldstino  5 providing the longitudinal components of the gravitino  µ.
This mechanism is equivalent to SS-breaking by means of a nonperiodic SU(2)R trans-
formation. Taking ! 0 one arrives then at the SS-broken theories widely considered in
2hMN denotes the linearized metric gMN = ηMN + κhMN .
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the literature [4,8]. Note that the global supersymmetry is realized mode by mode in the
KK-decomposition which is a consequence of the fact that the transformation laws are
linear.
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